Objective: Rapid eye movement (REM)-related obstructive sleep apnea (OSA) is characterized by respiratory events such as apnea and hypopnea predominately or exclusively during REM sleep. Several studies have revealed clinical predictors of adherence to the use of continuous positive airway pressure (CPAP). However, the effect of REM-related OSA on adherence to CPAP use remains unclear. Therefore, we investigated the effects of REM-related OSA on adherence to CPAP use 6 months after treatment initiation. Methods: We enrolled 161 patients in this study and divided them into 3 groups: the good adherence, poor adherence, and dropout groups. We compared polysomnographic data and clinical findings, including those regarding morbidity of REM-related OSA, among the three groups to identify predictors of adherence to CPAP use. Results: None of the 43 patients in the good adherence group had REM-related OSA. Multivariate logistic regression analysis of the good adherence and dropout groups indicated that REM-related OSA was the only factor associated with adherence to CPAP use (odds ratio, 41.984; 95% confidence interval, 2.257-781.007). Conclusions: REM-related OSA is a reliable risk factor for dropout from CPAP therapy.
Introduction
Obstructive sleep apnea (OSA) is characterized by periodic complete or partial collapse of the upper airway during sleep and results in apnea and hypopnea despite ongoing breathing efforts. OSA affects 5% to 24% of men and 1% to 9% of women. [1] [2] [3] Patients with untreated OSA have higher risks of developing hypertension, 4 cardiovascular disease, 5 cerebrovascular disease, 6 and motor vehicle accidents due to daytime sleepiness. 7 Continuous positive airway pressure (CPAP) therapy is currently the gold standard treatment for the management of OSA. Adequate and appropriate use of CPAP improves several comorbidities of OSA [8] [9] [10] [11] and reduces daytime sleepiness. 12 CPAP treatment is a symptomatic rather than radical treatment; therefore, maintaining adherence is crucial to its beneficial effects. It is important to predict CPAP adherence prior to treatment initiation and use intensive interventions in patients who are unlikely to adhere to CPAP use.
Weaver et al. 13 reported that 29% to 83% of patients with OSA are nonadherent, meaning that they use CPAP for a mean of 4 hours per night. 14 Another study showed that patterns of CPAP use are established during the first week of treatment initiation. 15 Many studies have shown that the severity of disease, degree of sleepiness before treatment, age, sex, and CPAP pressure at initiation are clinical predictors of adherence to CPAP use. [16] [17] [18] Rapid eye movement (REM)-related OSA is a condition wherein respiratory events such as apnea and hypopnea occur predominantly or exclusively during REM sleep. This is usually treated by auto CPAP, which modifies the level of positive pressure applied during the night in the presence or absence of a respiratory event. 19 However, no guidelines on management of this disease are currently available. 20 In general, two sets of criteria are used to identify REM-related OSA: 20, 21 (i) an overall apnea-hypopnea index (AHI) of !5 and a ratio of the AHI during REM sleep to the AHI during non-REM (NREM) sleep of >2 and (ii) an overall AHI of !5, a ratio of the AHI during REM sleep to the AHI during NREM sleep of >2, and an AHI during NREM sleep of <15. NREM sleep is thought to comprise approximately 80% of total sleep in adults. 22 Thus, patients with REM-related OSA treated with auto CPAP require a relatively lower pressure during a long portion of total sleep, but they also require a higher pressure during every REM sleep period. In addition, fluctuation in CPAP pressure is caused by arousal from sleep, which may disturb CPAP use. Whether patients with REM-related OSA tolerate CPAP therapy remains unclear. 20 Consequently, we hypothesized that REMrelated OSA may influence adherence to CPAP use.
The aim of this study was to determine whether REM-related OSA is a predictor of adherence to CPAP use 6 months after treatment initiation.
Patients and methods

Patient population and study design
This retrospective study was approved by the ethics committee of Aichi Medical University Hospital (AMUH). The need for informed consent was waived due to the retrospective nature of the study. We assessed patients who first visited the Sleep Disorder Center of AMUH and underwent nocturnal polysomnography (PSG) because of suspicion for OSA from January 2008 to May 2011. All clinical records and PSG data were made available in an anonymized format.
Patients were excluded from the study for the following reasons: age of <20 or >75 years, a history indicative of a diagnosis of any other sleep disorder, CPAP treatment with a machine other than the REMstar M Series Auto CPAP machine (Philips Respironics GK; Tokyo, Japan), and transfer to another hospital within 6 months of OSA diagnosis or CPAP initiation. Although several kinds of CPAP machines are generally prescribed, all patients included in this study used the REMstar M Series Auto CPAP machine with a nasal mask to exclude potential confounding due to the use of different algorithms in the CPAP machines. Patients who transferred to another hospital within 6 months of OSA diagnosis or CPAP initiation were excluded because they lived far from AMUH and were difficult to follow up.
The patients were divided into three groups: the good adherence, poor adherence, and dropout groups. The good adherence group comprised patients who used the CPAP machine for a mean of >4 hours per day and had a >70% rate of CPAP use for 6 months following treatment initiation. 23 The poor adherence group comprised patients who used the CPAP machine for 6 months following treatment initiation but used the machine for <4 hours per day and had a <70% rate of CPAP use. The dropout group comprised patients who ceased CPAP machine use within 6 months of treatment initiation. We compared the PSG and clinical findings among the three groups. We specifically considered the morbidity of REM-related OSA to identify predictors of adherence to CPAP use.
Baseline characteristics and sleepiness assessment
The body mass index (BMI) and neck circumference (NC) of each patient were measured at the time of the first visit. Daytime sleepiness was evaluated using the Epworth Sleepiness Scale (ESS). 24 
Nocturnal sleep study
Overnight PSG was performed for all patients using the Alice4 system (Philips Respironics GK) over the course of their hospitalization. The following biological variables were continuously monitored during the overnight visit: submental and anterior tibial electromyography, electrocardiography, electroencephalography (F4-M1, C4-M1, O2-M1, F3-M2, C3-M2, and O1-M2), and electrooculography.
Inductance plethysmography belts were used to monitor chest and abdominal movements. A nasal cannula with a pressure transducer was used to measure airflow. Snoring was recorded using a microphone. Pulse oximetry was used to monitor arterial oxygen saturation.
The Rechtschaffen and Kales sleep staging criteria were used to score sleep stages and arousal. 25 The AHI is defined as the mean number of apnea and hypopnea events per hour of sleep. The oxygen desaturation index (ODI) was calculated as the number of desaturations of >3% per hour of sleep. Obstructive apnea was defined as the absence of oral and nasal airflow for longer than 10 s, while obstructive hypopnea was defined as a !30% reduction of oral and nasal airflow for longer than 10 s that was associated with an electroencephalographic arousal or desaturation of >3%. Respiratory effort-related arousals (RERAs) were defined as increasing respiratory efforts terminating in arousals that do not meet the criteria for apnea or hypopnea. The RERA index was calculated as the number of RERAs per hour of sleep.
Respiratory events included apnea and hypopnea events. The cumulative percentage of time spent at saturations below 90% was calculated from the oximetry data. The limb movement index refers to the number of limb movements per hour of sleep regardless of periodic movement.
Data were manually scored by specialized clinical engineers according to the American Academy of Sleep Medicine 2007 scoring system. 26 The patients were considered to have REM-related OSA if the ratio of AHI during REM sleep to that during NREM sleep was >2. They were considered to have non-stage-specific OSA if the ratio of AHI during REM sleep to that during NREM sleep was 2, as described previously. 27 
CPAP therapy
In accordance with the guidelines of the Japanese health insurance system, patients who were diagnosed with OSA with >20 AHI events per hour, as assessed using PSG, were recommended to start CPAP treatment. Patients who agreed to undergo CPAP treatment received adequate education regarding their disease and treatment by a special physician. Mask fitting was performed by specialized clinical engineers. The REMstar Auto M Series, which is an auto-titrating device, was used to perform CPAP titration.
Follow-up and CPAP adherence data
In accordance with the guidelines of the health insurance system in Japan, all patients undergoing CPAP treatment were required to visit the clinic or hospital once every month. The patients were required to bring the built-in memory chip from their CPAP device, which recorded CPAP usage data, to their monthly visits. The rates of CPAP usage and the mean daily usage of the CPAP machine (hours) were analyzed based on the recorded data. CPAP usage data were retrospectively analyzed for 6 months beginning at the time of CPAP treatment initiation.
Statistical analysis
Continuous variables are expressed as mean AE standard deviation or median (interquartile range). Categorical variables are expressed as number (proportion).
Comparisons between groups were performed using Fisher's exact test for categorical variables and the unpaired t test or Mann-Whitney U test for continuous variables. For the multivariate logistic regression analysis, we first modeled the presence of REM-related OSA, followed by a stepwise approach to enter the significant covariates into the model. When the response variable had a low or high event rate, all responses had the same event status. One approach used to solve this problem is to use the penalized likelihood method proposed by Firth. 28 Therefore, we calculated odds ratios (ORs) and 95% confidence intervals (CIs) using Firth logistic regressions. All statistical analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC).
Results
Of 1,922 patients assessed during the study period, 443 were diagnosed with OSA and began CPAP treatment. Of these 443 patients, 161 were included in the present study. No patients had missing data. A study flow chart is shown in Figure 1 . Most patients were male (85.1%). The mean age of all patients was 55.7 AE 12.7 years, mean NC was 39.6 AE 3.3 cm, mean BMI was 27.0 AE 4.4 kg/m 2 , and mean ESS score was 9.2 AE 5.0. Table 2 ) and between the poor adherence and dropout groups (52.4 AE 13.6 vs. 59.1 AE 11.1, years, respectively; p ¼ 0.013).
The multivariate logistic regression analysis of the good and poor adherence groups Continuous variables are expressed as mean AE standard deviation or median (25th-75th percentile), and categorical variables are expressed as number (proportion). OSA, obstructive sleep apnea; ESS, Epworth sleepiness scale; BMI, body mass index; NC, neck circumference; REM, rapid eye movement; NREM, non-rapid eye movement; TST, total sleep time; AI, apnea index; HI, hypopnea index; AHI, apneahypopnea index; ODI, oxygen desaturation index; CT90, cumulative percentage of time spent at saturation below 90%; RERA, respiratory event-related arousal; LMI, limb movement index; SpO 2 , peripheral capillary oxygen saturation. *p < 0.05
Multivariate logistic regression analysis of the poor adherence and dropout groups revealed that REM-related OSA was an important factor associated with adherence to CPAP use (OR, 3.246; 95% CI, 1.267-8.318) ( Table 5 ).
Discussion
We sought to identify factors associated with adherence to CPAP use and found that REM-related OSA was an important factor that was independently associated with dropout from CPAP therapy. In fact, among the 27 patients with REM-related OSA, none had good adherence to CPAP use. A previous study showed that the prevalence of REM-related OSA ranges from 10% to 36%. 29 This variability is due to the use of inconsistent definitions for REM-related OSA. As described above, two definitions were used to determine the presence of REM-related OSA: 20, 21 (i) an overall apnea-hypopnea index (AHI) of !5 and a ratio of the AHI during REM sleep to the AHI during non-REM (NREM) sleep of >2 and (ii) an overall AHI of !5, a ratio of the AHI during REM sleep to the AHI during NREM sleep of >2, and an AHI during NREM sleep of <15. Of the patients in the present study, 27 patients met the criteria for definition (i) and 5 patients met the criteria for definition (ii). We used definition (i) to have a larger sample size; therefore, the prevalence of REM-related OSA was 16.8% in this study. This is consistent with the results of a previous report 29 and one study reporting that REM-related OSA occurs more commonly in women and patients with mild to moderate, rather than severe, OSA. 21 We found one other report describing the effects of REM-related OSA on adherence to CPAP use. 20 Conwell et al. 20 reported that adherence to CPAP use is similar in patients with REM-related and non-stage-specific OSA. Our study differs from that of Conwell et al. 20 with respect to the period between CPAP therapy initiation and assessment. In our study, the CPAP usage data were analyzed 6 months after CPAP treatment initiation, whereas Conwell et al. 20 analyzed data from the first 30 days following the initiation of therapy. In addition, the two studies used different definitions for REM-related OSA. We used definition (i), described above, while Conwell et al. 20 used definition (ii). Furthermore, we confirmed that the five patients who fulfilled definition (ii) in our study sample did not have good adherence to CPAP treatment, indicating that our results would not change if we had used definition (ii). Finally, Conwell et al. 20 did not provide a definition for adherence in their report.
Disease severity, as measured using the AHI, is associated with adherence to CPAP use. 19, 30 In our study, the AHI was significantly higher in the good adherence group than in the dropout group, which is consistent with previous reports. In addition, we found that the AHI during NREM sleep was significantly higher in the good adherence group than in the dropout group. The AHI during REM sleep was not significantly different between the two groups.
Upper airway collapse can occur during both REM and NREM sleep; however, upper airway muscle tone is severely suppressed by the withdrawal of excitatory noradrenergic and serotonergic inputs to upper airway motor neurons during REM sleep. This increases the tendency for upper airway collapse. 31 As a result, patients with OSA, regardless of whether it is REMrelated, have more respiratory events with greater severity during REM sleep. 32 This may be why we observed no significant difference in the AHI during REM sleep between the good adherence and dropout groups. In addition, REM sleep comprises approximately 20% of total sleep in adults. 22 This means that NREM sleep comprises approximately 80% of sleep time. Therefore, we hypothesized that disease severity during NREM sleep is significantly associated with adherence to CPAP use. Patients with REM-related OSA and thus a lower disease severity during a large proportion of sleep time have difficulty with adherence. In addition, it is possible that fluctuations in CPAP pressure caused by a disproportionate distribution of respiratory events during sleep may be the result of arousal from sleep, which may affect CPAP adherence. Similarly, patients with non-stage-specific OSA who have uniform disease severity during a large proportion of sleep are more likely to show good adherence. In our study, REM-related OSA was the only factor independently associated with dropout from CPAP therapy. Moreover, no patients in the good adherence group had REM-related OSA. These results support the above hypothesis.
Su et al. 33 reported that general functional outcomes show greater improvements after CPAP therapy in patients with REM-related OSA than in patients with OSA. Therefore, it is important to treat patients with REM-related OSA using CPAP therapy.
However, some patients who drop out from CPAP therapy may also drop out from sleep therapy. It is important to predict adherence to therapy prior to the initiation of CPAP treatment because patterns of CPAP use are established early during the treatment period. 15 We can use the ratio of the AHI during REM sleep to NREM sleep to predict which patients will drop out from treatment prior to the initiation of CPAP therapy. These patients are likely to require other interventions or treatment options in addition to CPAP therapy, including the use of auto bilevel pressure-relief positive airway pressure or other oral appliances. 34, 35 Using the above approach, we will be able to use patientspecific intensive interventions and decrease the rate of dropout from sleep therapy.
Our study has several limitations. First, selection bias was present because this study was conducted in a single facility. Second, a single type of CPAP machine was used by all patients in this study (REMstar M Series Auto CPAP) to eliminate differences arising from the use of different algorithms in CPAP machines; this also may have led to selection bias. Third, the effects of unknown confounding factors were not excluded because this was a retrospective study. Multicenter studies using other CPAP machines are required to confirm the external validity of our study results.
In conclusion, REM-related OSA is a reliable risk factor for dropout from CPAP therapy. The ratio of the AHI during REM sleep to NREM sleep will enable us to identify patients requiring intervention treatment options other than CPAP therapy prior to the initiation of treatment.
